Abstract Brachiaria brizantha is a forage grass of the Poaceae family. Introduced from Africa, it is largely used for beef cattle production in Brazil. Brachiaria reproduces sexually or asexually by apomixis, and development of biotechnological tools for gene transfer is being researched to support the breeding programs. The molecular bases of reproduction have not yet been fully elucidated; it is known that gametophyte formation and main reproductive events occur inside the anthers and ovaries. There is therefore much interest in identifying genes expressed in these organs and their corresponding upstream regulatory sequences. In this work we characterized three cDNA from ovaries of B. brizantha plants (CL 09, CL10, and CL21) which show similarity in databases with genes encoding ribosomal proteins S8, S15a, and L41 and were named BbrizRPS8, BbrizRPS15a, and BbrizRPL41, respectively. These clones show higher expression in ovaries, anthers and roots, mitotically active tissues, when compared to leaves of B. brizantha. Localization of transcripts of BbrizRPS8, BbrizRPS15a, and BbrizRPL41 was investigated in the reproductive organs, ovaries, and anthers, from the beginning of development up to maturity. Their activity was higher in early stages of anther development, while expression was detected in all developmental stages in the ovaries, except for BbrizS15a, which was detected only in synergids of apomictic plants.
Introduction
Brachiaria is a genus of the Poaceae family introduced to South America from Africa in the eighteenth century (Renvoize et al. 1996) , with about 100 species described in tropical and subtropical regions (Miles et al. 1996) . Brachiaria brizantha is a forage grass of economic importance for cattle production in Brazil (Araújo et al. 2008) , an important beef exporter (CREMAQ 2010) . Brachiaria breeding is limited by the mode of reproduction of the plants and differences in ploidy levels (Miles et al. 1996) . Normally, sexual plants are diploid while apomictic ones are tetraploid and hybridization strategies to introduce new characteristics are limited (Valle et al. 2004) . Apomixis is an asexual mode of reproduction through seeds (Nogler 1984) .
Due to the need to reveal more about apomixis, Brachiaria is an important system for gene expression study (Rodrigues et al. 2003; Silveira et al. 2012) , as apomictic and sexual plants are described within the same species, as in B. brizantha (Araujo et al. 2000) . The embryo sacs of sexual and apomictic plants of Brachiaria are described, respectively, as being of the Polygonum type and Panicum type (Lutts et al. 1994; Dusi and Willemse 1999; Araujo et al. 2000) . The Panicum-type embryo sac contains four cells: the egg cell, the central cell with one nucleus, and two synergids (Dusi and Willemse 1999; Araujo et al. 2000) . The polar nucleus must be fertilized for endosperm formation (Alves et al. 2001) . The development of anthers seems to be identical in sexual and apomictic plants of Brachiaria (Lutts et al. 1994; Dusi and Willemse 1999) .
Generally, the molecular bases of reproduction are still not fully elucidated (Armenta-Medina et al. 2011) . Gametophytes formation and the main reproductive events occur inside the ovaries and anthers; therefore, there is a great interest in identifying genes expressed in these organs. The isolation of the upstream sequences of these genes may help in the identification of the regulatory elements associated with reproduction and provide biotechnological tools for the breeding program of Brachiaria.
In this work, we characterize three cDNA isolated from ovaries of B. brizantha; clones 09 (CL09), 10 (CL10), and 21 (CL21) which showed strong expression in B. brizantha ovaries (Rodrigues et al. 2003) , with the aim to identify promoter sequences which can be further used in the construction of vectors for the expression of transgenes in these structures. By in silico analysis of the complete ORF (open reading frame) of CL09, CL10, and CL21, it is shown that they code for ribosomal proteins and were named BbrizRPS8, BbrizRPS15a, and BbrizRPL41, respectively. Ribosomal proteins are known to be involved with synthesis and processing of proteins and play a role in balancing the synthesis of RNA and as structural components of the ribosome (Wool 1996) . Recently, it has been suggested that genes coding for ribosomal proteins should not be considered only as constitutive genes because many of them are involved with extraribosomal functions (Mclntosh and Boham-Smith 2006; Warner and McIntosh 2009) . Mutations in genes encoding ribosomal proteins suggest that the ribosome has a regulatory role in the development of plants and animals (Byrne 2009 ). Analysis of transcript abundance of a family of genes coding for ribosomal proteins in Arabidopsis thaliana has shown their high expression in reproductive tissues (Hulm et al. 2005; Shi and Yang 2011) . In a transcriptome analysis of reproductive tissues of Brassica napus, microspores and ovules showed a higher fraction of genes coding for ribosomal proteins than pollen ). Together, these data show that ribosomal genes are developmentally regulated and have putative roles in reproductive development.
To investigate the association of BbrizRPS8, BbrizRPS15a, and BbrizRPL41, with development of ovaries and anthers, expression analyses were performed. We showed that under our experimental conditions, their activity is stronger in the early stages of anther development. In contrast, the expression in the ovaries is detected in all tested stages, from the early stages of development until maturity, before anthesis, except for BbrizS15a which is detected only in synergids of apomictic plants. The expression of the three genes encoding for ribosomal proteins of B. brizantha, BbrizRPS8, BbrizRPS15a, and BbrizRPL41 in development of ovaries and anthers is discussed.
Material and methods

Plant material
Two accessions of B. brizantha (Syn. Urochloa brizantha) from Embrapa's germplasm collection, cultivated in the field at Embrapa Genetic Resources and Biotechnology, Brasília, Federal District, Brazil, were used in this work: BRA002747, a diploid (2n 02x 018) sexual, and BRA 000591 a tetraploid (2n 04x 036) facultative apomictic named B. brizantha (A. Rich) Stapf cv. Marandu.
Ovaries and anthers of both accessions were dissected from flowers of different plants before anthesis, at different stages of development, under a Zeiss Stemi SV11 stereomicroscope. The stages of development were inferred by pistil morphology (Araujo et al. 2000; Rodrigues et al. 2003) ; stages I and II are related to megasporogenesis and stages III and IV to megagametogenesis. Young leaves were excised from plants grown in the field, and of root portions taken near the meristematic region were excised from plants cultivated in the greenhouse.
Sequences analyses
Analyses of the sequences from CL09 and CL10 were carried out using the program BLASTx against the database non-redundant (nr) protein sequences from NCBI and from CL21 using BLASTn against the database nr NCBI nucleotides (www.ncbi.nlm.gov/BLAST) (Altschul et al. 1997) .
The plant cis-acting regulatory DNA elements (PLACE) database (http://www.dna.affrc.go.jp/PLACE/) was used for search the regulatory motifs in the promoter region of the sequences. (Table 1) were designed in the antisense direction using Primer 3.0 program, following the information provided by manufacturer's protocol.
5′
The PCR products were cloned into pGEM T-Easy vector System I (Promega) and competent Escherichia coli Xl1 Blue strain was transformed. Plasmid DNA-containing insert was purified (Sambrook and Russel 2001) and sequenced. Analysis of the sequences generated in the ABI3700 (Applied Biosystems) sequencer was done using electropherogram quality analysis program, on the site http://adenina.biomol.unb.br/phph (Togawa and Brigido 2003) .
Real-time PCR
For real-time PCR (RT-qPCR) reaction, RNA was extracted from ovaries and anthers separately at the four stages of pistil development before anthesis (I, I, III, and IV) (Araujo et al. 2000) . A sample containing equal amounts of RNA (0.5 μg) from each stage of development was prepared for ovaries and anthers. RNA was extracted from ovaries and anthers using TRIzol® Reagent with a modified method from the manufacturer's instructions (Silveira et al. 2009 ). RNA was extracted from leaves and roots using LiCl according to Sambrook and Russel (2001) . RNA was treated with DNAse I (Invitrogen TM ) and quantified using NanoDrop ND-1000 Spectrophotometer. cDNAs were synthesized from 2.0 μg of total RNA and Oligo-dT primer using SuperScript® II Reverse Transcriptase (RT). Oligonucleotides (Table 2) were designed using Primer 3.0 program (melting temperature between 59 and 60°C, primer lengths 19-21 bp and amplicon length between 100 and 200 bp). As reference gene, BbrizUBCE (ubiquitin-conjugating enzyme), described as the best reference gene for analyses in B. brizantha, was used (Silveira et al. 2009 ). Reactions were done in 20 μL containing 5 μL of cDNA (1:100), 0.2 M of each primer and 10-μL mix of Syber Green Rox Plus (LGCBio TM ). PCR reactions were performed in Mastercycler ep realplex (Eppendorf TM ) using the cycling parameters: 95°C, 15 min; 40 cycles of 95°C, 15 s; 60°C, 15 s; 95°C, 20 min. The dissociation curve was obtained by heating the amplicon from 60 to 95°C and reading for 20 min. Three biological replicates were performed for each sample and three technical replicates were made for each biological replicate. The Microsoft Excel file (Microsoft, Redmond, WA) of raw expression Ct values was analyzed in Q-Gene software (Simon 2003) . The primer efficiency was analyzed using a sample containing equal amounts of RNA (0.5 μg) from each stage of development from ovaries and anthers using a pool of cDNAs. The reactions were performed in dilutions of 1:10, 1:20 and 1:40. Reactions were done in triplicate for each primer of specific genes and the BbrizUBCE, reference gene for analyses in B. brizantha (Silveira et al. 2009 ). RACE09_1  5′ CCTTCTTCCTCTGGAGCTTCTTCA 3′  RACE09_2  5′ GTCGAGCTTCCTCTGGACATGGTT 3′  RACE10_1  5′ CAGGCAAGTTTGACAAGGGCCAATAC 3′  RACE10_2  5′ GGCTCAAGATCCCTCAAGGTGCAT 3′  GW09_1  5′ CACGGACCCTCCTCACAGTCTTGTTGC 3′  GW09_2  5′ ATACTTCCGCTTCTTCCTCCAGGCCTT 3′  GW10_1  5′ AGAGGTTGTCAGGACAATGTAGCCAAA 3′  GW10_2  5′ CCCGATGGTCATCAACATACTCAAACT 3′  GW10_3  5′ TACATGGCTTATACATAGGCGCTGAGG 3′  GW10_4 5′ ACAACCACACAAAAGCACCTACACAAT 3′ GW21_1 5′ TTACTTAGATCTCTGCCTCATCTTTCG 3′ GW21_2 5′ CGCTTCTTCTTCCACTTGGCCCTCATG 3′ 
In situ hybridization
In situ hybridization was performed in semithin sections of 3.5 μm of ovaries and anthers during sporogenesis and gametogenesis. Tissue preparation, hybridization, and posthybridization reactions were performed according to Dusi (2001) . The RNA probe was synthesized using the Digoxigenin RNA labeling kit (Roche) following the manufacturer's instructions. PCR fragments of 200-450 bp were cloned into pGEM® -T Easy Vector Systems (Invitrogen   TM   ) and linearized by digestion with Sal I and Nco I (Invitrogen TM ) to generate 5′ protruding ends. T7 and SP6 polymerases were used to synthesize sense and antisense probes, respectively. Sections were hybridized with 60 ng of the DIG-labeled RNA probe, diluted in 100 μL of hybridization buffer, overnight at 42°C. After antibody reaction, detection, and washings, the sections were mounted in Permount SP15-500 (Fisher Scientific) and observed with a ZeissAxiophot light microscope. Some sections were stained with acridine orange and examined under UV light to verify RNA integrity.
Results
The three cDNA sequences showed similarity with genes coding to ribosomal proteins The complete ORFs of CL09 (666 bp) and CL10 (657 bp) were recovered by 5′ RACE technique. The full-length CL21 sequence (75 bp) had been previously obtained (Rodrigues et al. 2003) . Genome sequences 5′ upstream of the ATG (initiation codon) were isolated by genome walking with 1,064, 705, and 1,770 bp for CL09, CL10 and CL21, respectively. Introns were identified near to ATG with 120 bp for CL09 and 77 bp for CL10. The three sequences showed similarity to ribosomal proteins in available databases (www.ncbi.nlm.-gov/BLAST) ( Table 3) . Table 3 shows the analyses of derived amino acid sequences of the three clones. CL09 is similar to ribosomal protein S8, CL10 to ribosomal protein S15A and CL21 to L41 and were named BbrizRPS8, BbrizRPS15a, and BbrizRPL41. The three clones were also found in the EST library of B. brizantha ovaries (Silveira et al. 2012) .
The promoter regions of the sequences were analyzed and motifs related to pollen specific expression ( P O L L E N 1 L E L AT 5 2 ) , e l e m e n t s r o o t s p e c i f i c (ROOTMOTIFTAPOX1) and elements related to response to auxin, were found in the three clones. The ASF1 binding site, involved in transcriptional activation of several genes by auxin, is present in the BbrizRPS8 promoter region and in the intron sequence from BbrizSRP15a. The auxinresponsive element, a binding site for auxin-response factors, is present in the BbrizRPS15a promoter region and in the BbrizRPL41 promoter region (Fig. 1) .
BbrizRPS8, BbrizRPS15a, and BbrizRPL41 are preferentially expressed in reproductive organs and roots
In order to characterize sequences with preferential expression in reproductive organs, RT-qPCR was performed to evaluate the difference of expression of ribosomal genes between reproductive organs (ovaries and anthers) and vegetative organs (leaves and roots). The amplification efficiency for each primers pairs was analyzed. For BbrizRPS8 the efficiency was 108 %, for BbrizRPS15a was 107 %, for BbrizRPL41 was 109 %, and BbrizUBCE was 105 %. The RT-qPCR results showed that all three clones are highly expressed in roots, suggesting activity in cells undergoing mitosis. Higher expression levels were also observed in reproductive organs (ovaries and anthers) when compared to leaves (Fig. 2 ). In ovaries, the level of expression in sexual and apomictic plants was similar for the three clones. In anthers, all clones showed slightly higher expression in apomictic than in sexual plants. Aiming to investigate the expression of the three clones during development of reproductive organs, in situ hybridization analyses were carried out in ovaries and anthers of sexual and apomictic plants of B. brizantha.
Transcripts of BbrizRPS8 and BbrizRPL41 were similarly localized during development of ovaries in apomictic and sexual plants Due to high expression of BbrizRPS8, BbrizRPS15a, and BbrizRPL41 in reproductive organs, in situ hybridization was performed to localize the transcripts inside the ovaries and anthers.
The sections stained with acridine orange showed the orange colour that indicates RNA presence in nucleolus and cytoplasm of the cells (Fig. 3a) . In situ hybridization with antisense probe of BbrizRPS8 revealed expression in ovaries of both sexual and apomictic plants (Fig. 3b-f) . During megasporogenesis ( Fig. 3b-d) , in apomicts, a strong hybridization signal was observed in the meiocyte and a very weak signal in the nucellus and surrounding tissues (Fig. 3b) . In sexual plants, the expression was widespread in the ovary with stronger signal in the archesporial cell (Fig. 3c) and dyad (Fig. 3d ). During megagametogenesis (Fig. 3e-f ), a strong hybridization signal was observed in the integuments, nucellus and embryo sacs of apomicts (Fig. 3e ) and in the integuments, nucellus cells and antipodal cells in sexuals (Fig. 3f) . In anthers of both apomictic and sexual plants, transcripts were located at the beginning of development with a strong signal in the pollen mother cell, tapetum and surrounding layers (Fig. 3g) . In a little more advanced stage, signal was detected only in the meiocyte (Fig. 3h) . In mature anthers, no signal was observed in pollen grains (Fig. 3i) . Sense probes (negative control) hybridization was not detected in ovaries and anthers of both apomictic and sexual plants of B. brizantha in equivalent stages of development (Fig. 3j-l) .
For BbrizRPL41, in situ hybridization with antisense probe revealed expression in ovaries of both sexual and apomictic plants (Fig. 4a-f ). During megasporogenesis, in apomictic plants, transcripts were markedly observed in the archespore cell (Fig. 4a) and the meiocyte but also in the surrounded nucellus and integuments (Fig. 4b) . In the sexual plant, a signal was observed in young ovaries, especially in the archesporial cell (Fig. 4c) and dyad (Fig. 4d) . During megagametogenesis, in apomicts, a signal was observed in Fig. 2 Relative expression of BbrizRPS8, BbrizRPS15a, and BbrizRPL41 in ovaries, anthers, leaves, and roots of plants of apomictic (black columns) and sexual (gray columns) B. brizantha. Gene expression was normalized with BbrizUBCE of B. brizantha (Silveira et al. 2009 ). Results represent the mean of three technical replicates of each sample and bar shows the standard error of the mean nucellus cells and integuments including the egg apparatus (Fig. 4e) . In sexuals, a strong signal was observed in the mature embryo sac: integuments, nucellus cell, antipodal cells and egg apparatus (Fig. 4f) . In anthers of both apomictic and sexual plants, a hybridization signal was shown in the pollen mother cell, tapetum, and surrounding layers (Fig. 4g ) and uninucleate microspores (Fig. 4h) . No signal was observed in pollen grain (Fig. 4i) . Sense probes (negative control) hybridization was not detected in ovaries and anthers of both apomictic and sexual plants of B. brizantha in equivalent stages of development (Fig. 4j-l) .
BbrizRPS15a expression was observed only in synergids of apomictic plants
No signal of in situ hybridization was detected with the sense probe (Fig. 5a ). Under our experimental conditions, in situ hybridization with antisense probe of BbrizRPS15a Fig. 3 Localization of BbrizRPS8 expression by in situ hybridization in semithin sections of ovaries and anthers of apomictic and sexual B. brizantha. Ovaries (a-f, j,k) and anthers (g-i, l) hybridized with antisense (b-i) and sense probe (j-l) showing: a RNA preservation (orange) in control after acridine orange staining in the anthers with pollen mother cell and ovary with archespore cell; b-d at megasporogenesis, strong signal in the meiocyte of apomicts (b) and in the ovary with archespore cell (c), and dyad (d) of sexuals; e, f at megagametogenesis, strong hybridization signal in the embryo sac, nucellus and integuments of apomicts (e) and in the embryo sac, nucellus, integuments and antipodal cells of sexuals (f); g, h at microsporogenesis, strong signal in: the pollen mother cell, tapetum, middle layer, endothecium, and epidermis of sexuals (g) and the meiocyte of apomicts (h); i mature anther with no signal in pollen grains of apomicts; jl absence of signal in sense controls in apomicts at megasporogenesis (j); in sexuals at megagametogenesis (k) and in apomicts at microsporogenesis (l). A: antipodal cells; AC: archespore cell; D: dyad; EN: endothecium; EP: epidermis; ES: embryo sac; IN: integuments; MC: meiocyte; ML: middle layer; N: nucellus; PG: pollen grain; PMC: pollen mother cell; T: tapetum. scale bars b, c, d010 μm; a, g, h, j, l020 μm; e, f, i, k050 μm revealed a very specific pattern of expression in ovaries (Fig. 5b-e) . In apomicts, a weak hybridization signal was observed in the nucellus of ovules containing the megaspore mother cell (Fig. 5b) and coenocytes. Following development, no signal was detected up to the mature embryo sac stage, when a strong hybridization signal was observed at the base of the synergids, near the filiform apparatus (Fig. 5c) . The same pattern of hybridization was observed in mature embryo sacs, ready to be fertilized. In ovaries of sexual plants, no signal was detected during megasporogenesis (Fig. 5d) or megagametogenesis (Fig. 5e ) including the egg apparatus (Fig. 5f ). The pattern of expression in anthers was identical to that of BbrizRPS8 and BbrizRPL41.
Discussion
The three genes of ribosomal proteins identified in this work seem to be conserved in plants, with high similarity levels detected among other monocots. CL09 is similar to the ribosomal protein S8, therefore renamed BbrizRPS8. The S8 coding sequence was well characterized in rice Fig. 4 Localization of BbrizRPL41 expression by in situ hybridization in semithin sections of ovaries and anthers of B. brizantha. Ovaries (af, j, k) and anthers (g-i, l) hybridized with anti-sense (a-i) and sense (j-l) probes showing: a-d at megasporogenesis, hybridization widespread in ovaries with stronger signal in the archespore cell (a) and in the meiocyte (b) of apomicts and in the archespore cell (c), and dyad (d) of sexuals; e, f at megagametogenesis, hybridization signal in the nucellus cells and integuments, with weak signal in the egg cell of apomicts (e) nucellus, integuments, and in the embryo sac in antipodal cells and egg apparatus of sexuals (f); g-i at microsporogenesis, strong signal in the pollen mother cell, tapetum, middle layer, endothecium and epidermis (g) and uninucleate microspores (h), with no signal in pollen grains (i) of sexuals; j-l absence of signal in sense controls in apomicts at megasporogenesis (j) and megagametogenesis (k) and in sexuals microsporogenesis (l). A: antipodal cells; AC: archespore cell; D: dyad; EG: egg cell; EN: endothecium; EP: epidermis; ES: embryo sac; IN: integuments; MC: meiocyte; M: microspores; ML: middle layer; N: nucellus; PMC: pollen mother cell; PG: pollen grain; T: tapetum. scale bars a, c, d010 μm; g, h, j020 μm; e, f, i, k050 μm (Nakamura et al. 1995) and it was suggested that S8 may play an important role in specific regulation during protein synthesis in eukaryotic cells. CL10, with higher similarity with proteins from the ribosomal protein family S15a from maize, and from A. thaliana (Hulm et al. 2005) , especially with the isoform RPS15aF was renamed BbrizRPS15a. CL21 is similar to ribosomal proteins L41, which are considered to be the smallest and most basic eukaryotic proteins, with 25 aminoacids, 17 of them being Arg or Lys (Yu and Warner 2001) and was renamed BbrizRPL41. In Hordeum vulgare, S8 and L41 genes were found to be more expressed in the floral structures, lemma, and palea, than in the flag leaf (Abebe et al. 2004) .
Regulatory motifs related to auxin identified in the promoter regions of the three ribosomal genes suggest a possible association of their high expression in ovaries, anthers, and roots, with high mitotic activity, typical of these organs. Auxin plays an important role in the induction of cell division (Perrot-Rechenmann 2010) and the possibility of regulation of these genes by auxin should be further investigated.
All three genes encoding ribosomal proteins analyzed (BbrizRPS8, BbrizRPS15a, and BbrizRPL41) showed reduced expression in leaves. Although high expression was observed in anther tissue, we did not detect transcripts in mature pollen by in situ hybridization, suggesting that the expression observed in anther tissue is mainly due to transcription during early events of anther development. Consistent with this, a large-scale transcript profiling study in B. napus showed low activity of genes encoding ribosomal proteins in leaves and mature pollen, suggesting that a reduced level of transcripts is sufficient to support growth and development of these tissues, with high activity detected in developing microspores .
The higher expression of BbrizRPS8, BbrizRPS15a, and BbrizRPL41 in reproductive organs compared to leaves is consistent with results obtained with other ribosomal proteins that are involved in plant and female gametophyte development (Hulm et al. 2005; Shi et al. 2005; Skinner et al. 2001) . In A. thaliana, it was observed that the ribosomal protein S15aF, similar to BbrizRPS15a, shows the highest transcript abundance in mitotically active tissues: buds followed by flowers, carpels and roots, with the lowest levels of transcript in leaves and bracts (Hulm et al. 2005) .
In B. napus, the amount of transcripts of ribosomal proteins varies among tissues, with a very high fraction of the transcriptome occurring in highly differentiating and specialized cells, such as microspores and cells from embryo and ovules . In B. brizantha, transcripts of BbrizRPS8 and BbrizRPL41 were localized in ovaries from the beginning of development up to maturity in apomictic and sexual plants. The transcripts were highly abundant in cells undergoing meiosis, meiocytes in ovaries and in anthers. Also, in growing ovule tissues such as nucellus, integuments and in antipodal cells, expression was detected for BbrizRPS8 and BbrizRPL41. The pattern of expression observed for these genes is consistent with sites of active protein synthesis. This finding does not exclude the possibility that these genes have an extraribosomal function related to gametophyte development. Recent studies showed that mutations in genes involved in ribosome biogenesis are crucial for embryo sac development in Arabidopsis, leading to an arrest of mitotic progression of the gametophytic cell cycle (Shi and Yang 2011; Shi et al. 2005) . The Huellenlos gene from Arabidopsis that encode the mitochondrial ribosomal protein L14 is involved in the control of growth of the integument, embryo sac development and the prevention of cell death (Skinner et al. 2001; Schneitz et al. 1998) . Nuclear fusion defective 1 encodes the mitochondrial ribosomal protein RPL21M in Arabidopsis, and the nfd1 female gametophytes have a defect in karyogamy during fertilization in egg cell and the central cell (Portereiko et al. 2006) .
In anthers, location of BbrizRPS15a transcripts was similar to BbrizRPS8 and BbrizRPL41, with a strong signal in the meiocytes. In ovaries of sexual plants, although the expression of BbrizRPS15a was detected by RT-qPCR, we did not observe BbrizRPS15a transcripts by in situ hybridization, perhaps as a consequence of sensitivity under our experimental conditions. In contrast, BbrizRPS15a expression could be observed only in synergids of apomictic plants. Interestingly, BbrizAQP and BbrizMAPK were also shown to be differentially expressed in synergids of apomictic plants, when compared to sexual plants, pointing to differences in the transcription profile located at the bases of the synergid of apomicts (Alves et al. 2007 ). The identification of several ESTs that are expressed in synergids of apomictic plants suggests a putative role in autonomous development of the unreduced egg cell (Alves et al. 2007 ). Synergid cells are involved in the attraction and guidance of the pollen tube during fertilization (Van Went and Willemse 1984; Higashiyama 2002) . In synergids, the abundance of calcium is closely related with pollen tube entrance in the embryo sac (Ge et al. 2007 ) and ribosomal proteins, including RPS8 and RPS15a, were identified as Ca2 + /calmodulinbinding proteins in a human proteome study (Shen et al. 2005) . One can speculate on a putative association between Ca2 + metabolism and the specific synergid expression found for BbrizRPS15a, which is similar to RPS15aF. To our knowledge this function has not been investigated for ribosomal proteins in plants.
In this study, the expression of BbrizRPS8, BbrizRPS15a, and BbrizRPL41 was observed in mitotically active cells, in growing ovule tissues and roots, consistent with the expression of genes encoding ribosomal proteins in other plants (Hulm et al. 2005) .
The preferential expression of BbrizRPS15a in synergids of apomictic plants may be related to autonomous development of the unreduced egg cell. The similar expression pattern of BbrizRPS8 and BbrizRPL41 suggest that these genes could be involved in general activities regulating growth and development of ovaries and anthers, irrespective of the mode of reproduction. The characterization of their upstream regulatory sequences will be of interest in order to identify the minimal promoter regions for ovary-specific expression of candidate genes related to the mode of reproduction of B. brizantha plants among the cDNA sequences already identified (Rodrigues et al. 2003; Silveira et al. 2012) , as in ovaries the main morphological differences among sexual and apomictic plants occur.
